INTRODUCTION {#sec1-1}
============

Oral submucous fibrosis (OSMF) is a well-known precancerous condition, which clinically presents with reduced mouth opening, decreased salivary flow rate, blanching of oral mucosa and burning sensations.\[[@ref1]\] Submucous fibrosis is an insidious, chronic disease affecting any part of the oral cavity and sometimes the pharynx, occasionally, it is preceded by and/or associated with vesicle formation and is always associated with a juxta-epithelial inflammatory reaction followed by progressive hyalinization of the lamina propria. The later subepithelial and submucosal fibrosis leads to stiffness of the oral mucosa and deeper tissues with progressive limitation in opening of the mouth and protrusion of the tongue, thus causing difficulty in eating, swallowing and phonation. Epithelial atrophy is marked in advanced stages of the disease.\[[@ref2][@ref3][@ref4]\]

The name Candida is derived from a custom in ancient Rome for a candidatus, a candidate for public office, to dress in white. Albico means "to be white," so the name *Candida albicans* is redundant. Among more important pathogenic species, *C.albicans*, *Candida tropicalis*, *Candida parapsilosis*, *Candida krusei*, *Candida lusitaniae* and *Candida glabrata*,\[[@ref5]\] *C. Albicans* is the primary cause of oral candidiasis. Candida species are opportunistic organism which shows lesions in patients with reduced salivary flow.\[[@ref6]\] The presence of Candida in the mouth together with epithelial changes may predispose individuals to candidal infection. Epithelial changes of the oral mucosa, such as atrophy, hyperplasia and dysplasia, may compromise the mucosal barrier and facilitate candidal invasion, especially in the event of epithelial atrophy.\[[@ref7]\] These opportunistic fungal pathogens may colonize, invade and induce lesions in any part of the oral cavity in both immunocompetent and immunocompromised individuals. However, those who are immunocompromised are affected at a significantly higher frequency than healthy individuals.\[[@ref8]\] According to Shinozaki *et al*., the salivary flow rate is negatively correlated with candidal carriage.\[[@ref9]\]

Hence, the present study was undertaken to compare and assess the salivary flow rate and salivary candidal carriage in the OSMF patients and healthy individuals.

MATERIALS AND METHODS {#sec1-2}
=====================

The present study comprised sixty patients, 30 OSMF patients of different grades (nine patients of grade I OSMF, 14 patients each of grade II and III, respectively and two patients of grade IV OSMF) and control group comprised 30 healthy individuals who were not having any relevant medical, dental and habit history. Candidal infection was not suspected in these patients. The systemic illnesses have been ruled out in all these OSMF patients. There was no history of any treatment such as antibiotic or steroid usage in any of these patients. All the OSMF patients were divided into four groups according to severity, following the criteria from a study done by Ranganathan *et al*.\[[@ref10]\] The criteria considered was mouth opening that is graded as follows:

Grade I: Only symptoms, with no demonstrable restriction in mouth openingGrade II: Limited mouth opening, twenty millimeters and aboveGrade III: Mouth opening \<20 mmGrade IV: OSMF advanced with limited mouth opening. Precancerous or cancerous changes were seen throughout the mucosa.

Salivary flow was estimated using preweighed cotton rolls placed at the openings of major salivary gland duct for 5 min. The cotton rolls were then removed from the oral cavity and weighed again. The difference in weight was recorded. Salivary samples were collected by the oral rinse technique\[[@ref10]\] and cultured on Sabouraud dextrose agar (SDA) medium.

The tests performed for the identification of Candida species were Gram stain, periodic acid-Schiff (PAS) technique and germ tube test.

Preparation of culture media {#sec2-1}
----------------------------

### For fungus growth {#sec3-1}

One hundred gram of SDA was mixed in distil water to obtain a uniform suspension. It was heated and boiled and then sterilized in an autoclave at a temperature of about 121--123°C for 15 min. A drop of streptomycin was added before pouring the solution in a test tube. A slant is prepared in the test tube for the growth.

### For germ tube test {#sec3-2}

According to Chin and Saat\[[@ref11]\] ever since *C. albicans* was reported to form germ tubes on incubation in serum for 3 h at 37°C, the germ tube test has been widely used to identify and differentiate *C. albicans* from other species of Candida. According to Saigal *et al*.,\[[@ref8]\] human serum from patient\'s venous blood was collected and kept vertically to form clot; then it was centrifuged in centrifuge machine for about 3000 rpm for 10 min. About 0.3--0.5 mL of human serum obtained from this method was used for the detection of germ tube. A small inoculum from an isolated candidal colony was picked up by sterile inoculating loop and mixed it with the human serum in a disposable sterile container. The mixture was incubated at 42°C for 2--3 h. A drop of obtained mixture is kept on a clean glass slide and covered with a coverslip. This was then examined under a microscope.

### Saliva culture technique for candida {#sec3-3}

The subjects in both groups were asked to rinse their mouth with 10 mL of phosphate buffered saline for 2 min and then expectorate in a sterile container. The samples were then centrifuged at 2000 rpm for 10 min. The supernatant was discarded and the remaining material was inoculated in SDA media. The samples were incubated at 37°C for 48 h. The growth appeared in 48 h as cream/white colored, smooth and pasty colonies \[[Figure 1](#F1){ref-type="fig"}\].

![Candidal colony in Sabouraud dextrose agar media](JOMFP-19-158-g001){#F1}

Statistical analysis {#sec2-2}
--------------------

Student *t*-test and Chi-square test were done to compare between two groups.

RESULTS {#sec1-3}
=======

Three tests were performed for the identification of Candida species. They were Gram stain, PAS technique and germ tube test.

Gram stain- Gram staining, showing candidal spores \[[Figure 2](#F2){ref-type="fig"}\]PAS technique - showing candidal yeast cells was recorded as a positive finding \[[Figure 3](#F3){ref-type="fig"}\]Germ tube test- A germ tube was seen in the wet smear preparation, obtained from human serum \[[Figure 4](#F4){ref-type="fig"}\] which confirmed the presence of fungal hyphae in the wet smear \[[Figure 5](#F5){ref-type="fig"}\] (according to Saigal *et al*.\[[@ref8]\] and Chin and Saat\[[@ref11]\]).

![Gram staining, showing candidal spores. (Gram stain, x100)](JOMFP-19-158-g002){#F2}

![Periodic acid-Schiff technique showing candidal yeast cells recorded as a positive finding. (PAS stain, x100)](JOMFP-19-158-g003){#F3}

![Human serum containing small inoculum from an isolated candidal colony](JOMFP-19-158-g004){#F4}

![Germ tube formation in human serum. (Wet smear, x400)](JOMFP-19-158-g005){#F5}

When comparing saliva flow rate between OSMF patients and control group, there was a statistically significant (*P* \< 0.001) decrease in the salivary flow rate in OSMF individuals as compared to the control \[[Graph 1](#F6){ref-type="fig"}\]. The results also showed that there was a constant decrease in the salivary flow rate among different grades of OSMF patients \[[Graph 2](#F7){ref-type="fig"}\] which was statistically significant (*P* \< 0.001). There were absence of candidal carriage in healthy individuals (control) as well as in grade I and grade IV OSMF patients as compared to grade II and grade III OSMF patients (grade III, IV) which were also statistically significant (*P* \< 0.001) \[Graph [3](#F8){ref-type="fig"} and [4](#F9){ref-type="fig"}\]. There was a statistically significant difference in the salivary flow rate and candidal carriage in the OSMF patients as compared to the healthy individual/control group (*P* \< 0.001) \[[Graph 5](#F10){ref-type="fig"}\]. Salivary flow rate was constantly reduced with different grades of OSMF patients, although candidal carriage was seen in grade II and grade III OSMF patients.

![There was statistically significant (*P* \< 0.001) decreased salivary flow rate in the oral submucous fibrosis individuals as compared to the control./changes in the salivary flow rate between control and oral submucous fibrosis as a single group](JOMFP-19-158-g006){#F6}

![Changes in the salivary flow rate between the groups of oral submucous fibrosis](JOMFP-19-158-g007){#F7}

![Comparison of candidal isolation between control and oral submucous fibrosis as a single group](JOMFP-19-158-g008){#F8}

![Comparison of candidal isolation between control and different grades of oral submucous fibrosis patients](JOMFP-19-158-g009){#F9}

![Association/relation or comparison between salivary flow rate and Candida carriage](JOMFP-19-158-g010){#F10}

DISCUSSION {#sec1-4}
==========

Healthy individuals carry 3--47% of Candida species as a component of normal oral flora.\[[@ref12]\] The predominant species is *C. albicans*, which has the potential to infect any tissue within the body under immunocompromised conditions. An association between Candida and various precancerous and cancerous lesions has been reported in the literature.\[[@ref13]\] Candidal carriage varies in individuals from 1.0% to 80.6% depending upon the population surveyed. A delicate balance clearly exists between the potentially damaging effects of candida virulence factors and the nature of the immune response elicited by the host. Frequently, it is changes in the host factors that lead to candida seemingly changing from a commensal to pathogenic existence. However, given the often reported heterogeneity in morphological and biochemical factors that exist between Candida species and indeed strains of *C. albicans*, it may also be the fact that colonizing strains differ in the way they exploit the resources, to allow persistence at mucosal surfaces and as a consequence this too may affect the way Candida interacts with epithelial cells.\[[@ref14]\]

Results of our study suggest an inverse relationship between salivary flow and candidal colony, which was in accordance to the study of Torres *et al*.\[[@ref15]\] Factors such as poor oral hygiene, denture wearing, oral epithelial dysplasia, smoking habits, orthodontic appliances, mouth breathing and chronic irritants have been found to be the local factors that predispose to candidiasis.\[[@ref16]\] Shinozaki *et al*. compared OSMF and healthy individual with xerostomia and found significantly decreased salivary flow rate, increased rate of oral mucosal symptoms and higher numbers of Candida in OSMF patients than a healthy individual. Salivary flow rate was negatively correlated with the number of Candida, which is in agreement with the findings of our study.\[[@ref9]\] Our result was in accordance with the result of Saigal *et al*., which found no fungal growth in the normal control group and 3 out of 15 cases of OSMF showed fungal growth.\[[@ref8]\] The results of our study were similar to that of Kamat *et al*., who suggested that OSMF favors the colonization of Candida.\[[@ref17]\]

Field *et al*. suggested that *C. albicans* plays an important role in the development of oral cancer by means of endogenous nitrosamine, oligosaccharides and lectin-like component production.\[[@ref18]\] Our results confirmed the findings of Ariyawardana *et al*., who showed higher candidal carriage in OSMF patients, using the oral rinse technique. As oral mucosa is compromised in OSMF patients, it can be argued that Candida may predispose the individual to candidal infection and invasion.\[[@ref19]\] A study done by Anila *et al*. suggested a higher incidence of candidal carriage in OSMF patients and increased salivary flow in OSMF patients, which contradicts our study.\[[@ref7]\] On the contrary, Reichart *et al*. reported that there was no significant difference in the candidal carriage rate between the OSMF patients and control group.\[[@ref20]\] At present, the results of our study suggest that a higher candidal carriage in grade II and grade III OSMF patients could be related to decreased salivary flow rate. Candidal carriage was not seen in grade IV OSMF patients; the reason might be because of small sample size of this group, as this study was done on random number of patients.

CONCLUSION {#sec1-5}
==========

A higher incidence of Candida was observed in the OSMF patients when compared to the healthy individuals. Also, the study showed that there is a constant decrease in the salivary flow rate among the different grades of OSMF patients from grade I to grade IV. Absence of candidal carriage was seen in the control group as compared to the OSMF patients. Prospective studies with larger sample size of OSMF patients and different culture media to identify various species of Candida along with long-term follow-up will help in assessing the role of increased candidal carriage in the coarse and malignant transformation of OSMF.
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